In a crystal containing more than one species of nuclear spin in a large dc magnetic field, the secular dipolar interactions between all spins, unlike as well showing that the spin-lattice relaxation times of Li and ' F were identical in zero field, although very much different in high magnetic field. This phenomenon was later explained to be due to the fact that in zero field the spin-spin dipolar interaction between unlike spins as well as between like spins may be described by a single spin temperature; that is, the dipolar system maintains internal thermal equilibrium.
In a crystal containing more than one species of nuclear spin in a large dc magnetic field, the secular dipolar interactions between all spins, unlike as well as like, form a single reservoir described by a single spin temperature. %e demonstrated this concept with experiments on LiF. In particular, we showed that T&D of Li and ' F are equal. %'e a)so measured T& and T~of ' F using~L i detection. Finally we applied this concept to the Provotorov theory of saturation, which we extended to the case of a two-spin system, and demonstrated experimentally the validity of the treatment.
I. INTRODUeTIOW
It has long been known that in small magnetic fields, nuclei of difterent spin species cross relax very rapidly. Pound' demonstrated 
this fact in LiF by
showing that the spin-lattice relaxation times of Li and ' F were identical in zero field, although very much different in high magnetic field. This phenomenon was later explained to be due to the fact that in zero field the spin-spin dipolar interaction between unlike spins as well as between like spins may be described by a single spin temperature; that is, the dipolar system maintains internal thermal equilibrium.
In large magnetic field the concept of "secular" dipolar interactions is introduced. Redfield4 and others asserted that such interactions could also be described by a spin temperature. Many experiments have been successfully interpreted using this concept.
In solids with two or more different nuclear species, this concept has a natural extension: namely, the spin-spin "secular" dipolar interaction between unlike spins as well as between like spins may be described by a single spin temperature. As a consequence, one cannot speak of a dipolar spin temperature of one spin species separate from the dipolar spin temperature of any other spin species in the same crystal.
In this paper, we present pulse NMR data in LiF which directly demonstrate the validity of the concept of a single dipolar temperature in multispin systems. A variety of experiments have 'been performed by others '3 whose interpretation depends upon this concept.
II. THEORY
Here we demonstrate theoretically that the secular dipolar interaction for a two spin system is a quasiinvariant of motion. Accordingly, it may be characterized by a spin temperature which may be different +zs aios X S. k k here coot and coo~are the resonant frequencies y100 and y~00 of the I and 5 spins, respectively. The term K~is the spin-spin dipolar interaction which is written 2 2 X, --X X F, "'»W,"'»(I,I)+ 'X X r, t»W, "'-»(S,S) (16) and (17) in powers of R yields --F tt'I"S "--FI2'I, S "+c. c +0~. (24) 4 os+01
We can also see that (25) Combining Eqs. (20) and (25), we finally have the total Hamiltonian in the following form:
[ 
III. EXPERIMENTAL APPARATUS
The experiments described in this paper were performed using a pulse double-resonance spectrometer (see Fig. 1 ). The Fig. 3 ) and within experimental error was found to be in agreement (see Table II ). T&,$ was measured by spin locking the S spins, then adiabatically decreasing 0~$ to some finite value, waiting a time r, and finally adiabatically decreasing H~$ to zero, thus transferring any remaining Zeemap order into dipolar order. As before, we observe the dipolar signal of the I spins following a 90' pulse. By varying T, we obtain T~,$. Again, we compared this value to that obtained by the usual ADRF method (see Fig. 3) in which order is monitored as Zeeman order via a free-induction decay (FID) and found them to agree (see Table II ). To demonstrate the validity of this theory for the case of two spin species, we apply the pulse sequences shown in Fig. 4 . In each case, the dipolar reservoir is prepared at a different initial temperature pD(0). In case (a), the I spina are spin locked followed by ADRF. This gives us Po(0) -Po. In case (b), we do the same except that the I spins are spin locked in a direction opposite to Aii instead of along Hi, . This gives us Po(0) --Po. In case (c), we do nothing to prepare the system which gives us pD(0) -pi, , the lattice temperature, which is much smaller than po and can be considered to be zero for our purposes. 
We see that when h is negative, for example, Ps (0) is also. This is reasonable since the S spina (aligned along Hp) would then also be aligned antiparallel to the off-resonant field h. This asymmetrical dependence of Ps(0) on the sign of (ruos -&us) results in a similar asymmetric frequency dependence of PD(r)
[through Po(~) j which is clearly observed in Fig. 5 .
As can be seen in Fig. 5 , the agreement between experimental data and theory is good, thereby demonstrating the validity of our extension of the Provotorov theory to a two-spin system and also the fact that the entire dipolar system must be described by a single temperature for a two-spin system. 
